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Abstraci,

‘J’o test tlIe IIy])oihcsis  t,lIat galactic wi]lds  associated with star for]nation ilI low’

lnass d i s k  giilaxics ca~l he all dl’mtive ]Iicalis  o f  rwlc)cati]lg cold d i s k  gas to a WaIII~

tcIIuous lIalo,  wc IIave  ohtaillcd loIIg CX])OSUIC l{. OSArl’  1’S1’(; ohscrvatio]ls  of tllrm SUCII

galaxies. ‘J’IIc smlsitivity of tlIc 1’S1’(; to tlIC I) ICSCIIICC of all cxtmkclcd,  a])])  roximatc]y

().1 K1’;V  IIalo,  is  qui te  IIigll  for the exjmsurc tilllcs wc used. MTc failed to detect this

lIalo  ill all tlImc c.ascs a]Id tlIc obscrvd  X-ray  lullli]losity o f  tlIc galaxy is  two orders

of ]Ilagnitudc less  than the IIy])othetical case  ill w]lich tllc ]nass  of gas that ha s  l)CCII

Cxj)clld by p r e v i o u s  gc]lc)atimls  of star fmnation  is qual to tllc stellar Ina.ss  of tllc

galaxy itself. ‘J’lIus, wc wcm u]lal)lc  to directly verify t,lIc ])rescIIc.e  of significant galactic

winds i]] tlIcm tllrcc g a l a x i e s  citllcr bccal]sc t hey  arc ]Iot o])crativc, 01 bcxausc Llleir

lIalos  are IIot sufl~cicllt,ly lnassivc to aid ill tlIc retc]ltioll of  this  gas .  Wc: also IC])ort

II(VC tllc scrmldi])itous ddcctio]l of Aldt 1560,  a dista]lcw  class 7 c.luster of u n k n o w n

rdsllift.
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1  i n t r o d u c t i o n

III IniIIcilJlc,  the galactic Inass-loss  wllicll is iIIduccd  via suIwIIIovac  IIcatillg  alId winds

IIIay Im tlIc  IIIOSt  significant  factor ill ddcnllillillg  tlIc  mcrall  cllclniml cvolutioll/star  forl)]a-

tio]l l)istory of galactic disks, III cxtImIIc  cases, this Inass-]oss  OI lmrymlic blow mt (1]110)

Inay  lx suf(icicnt  to drive Inost  of tlIc  gas co]n])lctcly  out of tlIc  galaxy and tJIus tlcr]lli]latc

its star for]] latio]] IIistory.  G a l a x i e s  wlIidI  arc IIIOSt  suscc])til)lc  h tcr]nillal  1]110 arc tllosc

ill wllicll tllc velocity dis]msim]  is low, N 1 0 0  k]]l s- ] (c.g,, IMcl al]d Silk 1986; Silk d al,

] 9S7), ‘J’]lc  sl~],s~q~~~ll~  ~vo]{~~io]]  of s~l~], a {]is]{  \\Tou](]  ~J~ to fa~]~ ~at]jcl.  lal)i[]]y  and tO CVCll-

tually assulnc  tlIc  appcalallcc  of a ]nctal-lmw, low surface l)riglltllcss  (1, S1]), low-]nass  disk.

Itl lIas lm:]I s u g g e s t e d  tjllat, suc.11 fadilip;  (SCC l]abul  aIId liccs 1 992) call lIcl])  to cx})lai]l  tllc

a])lMII.cIIt  cxccss  of  faint b l u e  ~alaxics  that  tIIrII III) ill dcc]) CC]) Scarcllcs  (e.g.  J J~illy  CL al.

] $ ] { ] ] ) .  ‘J’]]is  fa~]~:{] p~]~~~]a,tio]]  is ]~o~c]]tia]]y  a], i]]l]~()]t,a]lt,  lc])osit,oly  of Ijaryollic  ll)at,t(!l” ill

tlIc  lll]ivcmc (Cowic 1 989; Collm  d al. 1 990) .  1 lowcvcl, w(: ]last~l) to a~]~]  t]lat a  l.~~c~lIt

cx})lolatioll  of this clltirc issue lJy Kcm d al. (1 993) i]ldicatcs tliat the dcgrcc of ‘{cxccss  “ill

tlIc  fai]lt  Llue galaxy is a stIolIg  fu]ldio]]  of tllc assulncd  lu]]]i]losiiy  fu]]ctioll  of galaxies at, z

O. IIascd oII this, 1<00 et al. (1993) co] Ic.ludc tliat  sucl I dralnatic  fading; ]nay  lIo lol Igcl I)c

w;;il.lallt,C(]  o] lCqlljlC{]  t,{) cxl)];(iIl  t,]l C f~illt,  galaxy Collllt,s, altl  IouglI  tjliis  co]lclusio]i  is ]ikcly

to rc]]]aill co]ltlrovc]xia].  Still, tllc idea of Ill\() or failed g;alaxics rc]nail}s  a co]]l]dli]lg  olIc

.  flicicllt  ])roccss  wlIcrcl)y  ] I Iost ofsillcc it SCCII-IS  ulllikcly  that F;ala.xy  forlnal,  ion was a very c

tjllc  i]litlial  gas ]i]ass availal)lc  to build  galaxies is actually mtlail]cd  I)y tllc]]l.

StIOIIg;  co]~fil]]]atlio]l”  of tllc cxistc]lcc of galactic winds coil  Ics froln  a varidy  of [lifl~:l~l  II

c)l)sclk~il{lic)l)s. For]]la]l,  JoIIm  aIId ‘1’uckcr ( 1 9 8 5 )  l]avc SIIOWII  that ]na]ly lulni]lous  clli])tical

galaxies arc suIIwuIIdcd  l)y co IItou Is of X-1ay  cll)issioll tlllai  substantially cxcccd tllc o})iical

siy,c of tlIc  galaxy. ‘J’IIc lnost,  vial)]c  cxl)lallatioll  for tlIcsc  comliac is t]lat lnass-]oss  g;as  fro]])
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]lont~al s t e l l a r  evo lu t ion  i s  IIcatcd  hy ‘J’y]w 1 sulmIlova  to csca])c  vclocit,y  (hflatllcws  allcl

l,owcnstci]l 1 9 8 6 ) .  ‘1’llis  lost  gas is subscqumltly  t,ral)]d l)y a dark ]Ialo a]]d thus al)])cars

today as a diflusc,  X-Iay cl]littillg; ])lasll]a  (SCC ])avid, 11’oIIIlaII  and JOIICS 1990) wllicll is tlIc

])roccxs of c.ooli])g  al]d fallillg  I)ack i]]to tllc lImt clli])timl, ‘1’IIc Inass  Of gas i~l tlICSC lIalOs  is

a])])rmi]ilatdy  1 00/0 Of tlIc: stdlar  lnass  of tlllc  g;alaxy.

A]lotllm SOIIICC of wiIIds is assoc.iatd witl I tlIC c]lmgdics  of star for]  naticnl.  ‘J’l Ic so-ml I(’(1

“su])mwi]]cls “scxm ill soItlc ]lllnil(ous  llt AS galaxies (A IJrlus  d al. 1 990) l)avc  alt illl]~lnsivc

l))ol]]cl]tul]) flux and lmId cmdmw tc) tlIc  idm tlIatl txrlnillal  1]110 i s  a  ma] ])cmsil~ility,  a s

Slll)stfi]lt,ia,l  a]nmllts  O f  ]na.tcria]  aIr lmi]lg tra]ls])c)rtcd  tc] large dista]lcxx. Call a  si]nilal

]) IIc:IIOIII(:IIC)II  occur  ill tll)c IIIOrC coItIIIIo]I  low-IIIass  s d]t’ forlnillg  galaxies (iy])ic.ally  l,h4(;  ty])c

irrcg; ula]s)?  IIldccd, it lIas bCCII  suggmkd  tliat  tllc  OriF;i]l  c)f II Ial Iy QSO absorl)tioll  Iillcs i s

associatd  wit]] gas that IIas Ixml  cjcctcd to laqy:  d i s t a n c e s  l)y t,l]csc low-l t)ass activdy  star

fonnillg  ~alaxim. ‘1’llis  cjcctfiml  })mccss would  msu]t ill a mlalivc]y  large vo]ulnc  Lllat  is fillul

with low colum]l  densi ty gas (SCC }’alllly et, al. 1987; lkcuc]li  and No]lnall  1987; lTn])cy and

IIotllull 1989).

‘J’ml l)illal  11110  Illay  also bc colillcctml  w~itll  tllc  ]]cw’1 y dismvcd  }mpulatjio]l  of 1 mlt

Sll]facc  llriF;l)tllcss  (l JSl\) .galaxics. l]] tlic  last few’ ywm, surveys for l)S1l galaxies ]Iavc tulJlccl

u]) a lalgc IIu It)lm of cl~igll)atic  ohjcds  wlticll F;cItcrally  liavc rat}[cr  hluc disks dcsj)itc a VCIJT

low curmli stal forlnatiol~  rat c (SF]{)  (SCC SclIo]nlmt  d a l ,  1992 ;  h4c(;  augll  and IIotlluli

1 994). ‘J’o (lak!, l]lost  of tllcsc ol)jccts wllic]l  llavc  Imc]l ]Ila])]d  ill 11 1 (see vail dm IIulst

d a l .  1 993) illdicatc  surface  dcllsitics wl)idl  am Idow tjllc  t,llmsllold  wllicll i s  colnliImll  J’

tlloligjlt  to IN rcquimd  for stal follnatiol]  to occlll (Skilllllall  d al. I 987; l~clllli~lltt  I !~s~)).

l{illmnatic  ll(:atillg;/fcc(ll)ack  to t,llis  gas, frOIII a ]miod of Inorc active star fonnatiol],  is all

cfl’cdivc  II)cans  of lowcril]g;  t h e  o v e r a l l  colu]nll  dcllsity,  t]lus  lmlla])s su])])mssillg  tllc S1’ll{

fol ][)llg ]) C1’jOdS  Of ~illlC. h4mmvcr,  dd ailed studies of tllc cxtc]ldcd  11 1 rotatio]l  curves of



a fcw galaxies iII this class (Jobi]]  and ~;arig;[lall  1990) illdicatc  tl)c  ]JICSCIICC of substantial

a.]]) ou]its  of dalk IIlattcl  wlIicl]  is ]])ost likely distril~utml  ill tllc l)alo  CXMII]NMICI]t.  l]y allalo?;~’

wit]) clli]]tical  galaxies, it is ]mssiblc  that gas wllicll is llcatcd and dispcmxl  by stal fmlnatioll

j]] low lna, ss galaxies is mtdilld ill this l)aloo If Cllougll g;as  is cjcctcd  illtm  sucl] a lIalo s o

Lllat disk star foll))at,ioll is su])])msscd  for a ]ollg;  ])criod,  t,llc]l  tllc galaxy would  fade, ])cIIIa])s

assul]]illg  tll)c ap]warallcc  of a l~Sll diSli  p;alaxy.

‘1’l)c ]msib]c Cxistcllcc  of comlac  amul)d low lnass  galaxim  could  IIoi have bcmi dctjcc.tcd

wit,l  J I,I)c  l’JliNS’J’I’;l  N X-lay satellite. III lIIC case wlimc  tllc  vdocity  disl)cmio]]  is 100 kIII s- ‘

) t]IC viria] tc!l)”l])cl’at,lll’c of ]Iot  ])]asl  Ila is all ordcl’  o f  Ii]agl]itudc!  ]CSS t]lalt  t]lc  C a s e  fol’ a

lulllillous  clli])tic.al. ‘1’llis  t,cl]]pclaturc  (0.1 kcv)  is  well  outside  tlIc  c]lcrgy  I>alld to wllicll

l~;l NSrl’ltl N was IIlost, smlsitivc. IIowcvcr, ilic lioSA’ll  satdlit,c i s  smlsitivc  to clllissiml  ill

Lllis  c]}c]gy  ba])d. ‘I)l)c ilnag;illg capal)ilit,y  of tllc dctcc.tors  IIlakc  it fcasib]c  to scarcll  for tlic

]JIMC])C.C  of cxtcIIdcd, difI’usc  X-ray anit{, i]lg gas arou]]c] low ]nass  disk ga.laxics  thus adding

II)om cvidcnlcc  for tlllc  ])mccss  of g;alactic  winds. III this ]m]m wc qmd our msultls of lo]ip;

CX])OS1lIW  I{ OSA’1” l) S 1)(; observations of tlllcc low Inass  disk systmns  illat arc curIwItly  ill

a (Illicsccllt  stlagc  of stjal for] natioli. A l l  distallcc  dc])c]ldc]lt  qllalltitics  assLIInc ]],, = ] 0[)

IiIll  S- ‘ h!l])c.-  1 and Vilgoccllt,ric  illftill  o f  300  kill s- 1 .

2  Motival,ion  and C h o i c e  o f  Sam})lc

2 . 1  Where l)id A l l  the Cold CJas Go?

‘1’ltcrc is alr)plc  cvidcl~cc  t,l]at low-l ]]ass galaxies cx]micllcc  c]>isodic  stal forlnatlioll  (c.:;.,

]Illl)t,cr  a~}d ~~a]]ag]lcr  1985). ‘1’lic dLlty cyc]m  of L]]csc q)isodcs  is ]Ioi kl)own  alt]loug]l  IIlost

cstjilnat,  cs suggest that vigorous  stall’  fol”lllatioll  ill tlIcsc  systcIns  occurs over only  5 1 O% of

t,licir lifctjil)lc  (SCC  ‘J’l]llall  1 985). II CJJC.C , over tllc IIla.joritj,y  of a IIlll)l)lc  tilne, tlicsc g;alaxim
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arc quicsccl]t. Any  subs tan t i a l  fadiIlg  of tlIc stellar ]x)])ulatio]l  lKtwccHI  q)isodcs of star

forlnatioli  would  ld to a 1,S11 ol)jcc.t. II I surveys of llul]dds  of low’ IIlass disk galaxies,

hotlI in act ive and pass ive  star follllatio]l  ]tlodcs, ]iow IIavc l)CCII dmlc  ( e . g . ,  GoNlo]I  and

(;ottcslilall  1 9 8 1 ,  ‘J’llual]  and  h!laltill  1981 IIotllul]  d al. IWWa, Scllllcidcr  d al. 1992, Salzcr

ct d. 1994), III virtually all cases, tllc fractiolla] 11 1 IIlass ill tlllcsc systcl]Is  is 1)0 large] tllall

3 0 %  (  fol all cxccption  scw Stavclcy-Slnitll  d a l . 1990) and tllc average is 10 20%. ‘1’llis

sc(nns ])ara(loxical  ill l i gh t ,  of tl)c  vmy  illcflicicllt  s tar  fonl)atioll  IIistorics  illfcud  for tl]csc

s ystc] J ] s. M O] COVE]’> tllcm is ]1OW lilrlitcd  cvi(lcllcc  (e.g., Mc(~augll  d al. 1994) that  so]llc IO}Y

lIIass systm]ls  l]avc  late fonnatio]i  tilltcs aJtd yd wc still Ca]))t  fi]]d cxa]n])lcs  of objects wllicll

llavc > 50% of tjllcir  dynamical lnass ill tllc forln  of gas citl]u  tlIIoug}I direct obsmvatiol]  of

kJIow]I low IIlass or 1,S11 disk ~;alaxics or I)y 11 1 scadlcs  (]{ao  and IIriggs  1993) .  I’;vc]I tllc

giant  I I  1 cloud  ill Virgo  (cog., (Jiovallclli  aIld IIaylics  1989; ,Salmr d al. 1 991 ), wltcm OIIC

])cak i]] tlIc 11 1 distlibut,iol]  l acks  all o])tical  colllli,cr])art,  lies in a dyna]nical  cmllfigtl]atioli

wl)icll suggmts  a IIollnal  fractliollal  11 1 coIItcIIt.

III striking  co]ltrast,  I1OWJICS et al, 1{193  claill) that so]tlc llltlal~llllill[~lls  II{AS g;alaxics do

liavc  lnost of their dylialnical  l]iass  i]] tlic forli) of p;as  and,  of couJsc,  tltcsc c)l~jccts  arf! ill soJ)]c

ki]ld of sll])c]-sta]l.)l]  lstl  l)l)asc with cllcrgcfjic winds a]ld rallll)allt  ]Ilass loss .  111 tlIcsc  cfises

tllc!

(l)y

gas

cold gas  contc]lt  is Imillg la])idly  dq)lctcd  tll Joug;li  a IIig;ll  star forloation  ra te ,  IIcatillg

sll]~[:r]lova),  a]ld ]]lass-loss  via galactic winds. ‘J’lIc lack of sul~starltia]  mscn’oim of cold

ill tlllc  low lnass systmns sIJIwcycd  to  da te  tllc]l lnigllt 1x: cx})laillcxl ill a sill]ilar  ]Ilalllle].

‘1’l]at is, tl)c  cold gas IIas citllcr 1.)C(:II  collvcrtjc{ 1 to a Wal’111  tCIIllOIJS  gas by  tll(!  Illost  l’cccllt

star forlllatioll  event and/or  sul.)stalltial  11110 IIas oc.c.urd,  wllicll IIas dl’ivcll  this gas ollt

to large radii. II) citllcr o f  tjllesc scmlarios  wc would  cxlwc~ soft  X-1ay  cmissiml  fmn tl]csc

ga]axics  wlIosc lulllillositly  w o u l d  dcpmld  l)otll o]l tllc {Icltl]maturc  (Ilcatillg; rate, dc])tll  o f

l)otcllt,ial)  a]ld gas IIlass.
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‘~’llc cx])ulsicnl of cold gas fmlll  staI fOr IIIi IIg galaxies with low ,gavitatiollal  ]mtclltia]

w a l l s  lnay also II(!l}) to ulldmstalld  tlIc  ullcx]mctcdly  large yield  of low mclsl]ift  almol])tiol)

lillcs i]] tllc lillc of site toward 3(;273  discovcd  I)y 11S’1’ (h!lmris  ct a], 1991 ;  IIallcal]  ct al .

1 9 9 1  ) .  ‘1’llcsc  olmrvatiol)s  stlaig;lltf(~r~$al[ll}’  dcIIIoIIsiIaic tll]at  cvcII j]] tllc IIcarl]y  ullivmsc

tllcm js 11-lucII  matmial  wllicll js Ilot associatd  with  ally catalogucd  g a l a x i e s .  AttcIIIl)ts to

assocjatx:  t,))c dslJifts  of t,l)csc Q,$(j aljsol.})tjol~  li]Jc  systc]lls  wit,ll  kljowll  g a l a x i e s  lla~~c s o

far ])N)VCCI IIcgativc (Salzm I W; val] Gorkoln  d a l . 1993),  altlloug]l  t)hcm ]Iow js SOI])C

cvidulcc  for io]lizd  llydqyul  at tllc dsllift  of O]IC of tllcsc al.mol})tioll  ljllc fcatums ( s e e

Wjlliallls and SclIoIn]twJ  1994). IIC]ICC t]mc i s  alt)])lc (:ilc[l]}lstal)tial  cvidmlcc,  as WC]] as

scllsil)lc  ])]lysic,a]  tllcol.y  (e. g., Wysc and Gillllorc  1 992) tlldt  F;alactic  winds ill ubiquitous lc)l~

]I]ass F;alaxics call II1OVC cold gas fmil tllcsc local sights to a )nolw Iargc  scale, Iowm  Collllllll

dcllsit,y, dist]il)ution. ‘.f’llis colljcdum call now bc dimct]y  t e s t ed  l)y scadljng  for cxtclIdd,

soft, X-ray ]Ialos amlllld low lnass disk galaxies.

2 . 2  Clloim! of sample

ITI co~lstnlctj][g  a sam])lc  of low IIIaSS  disk galaxies to hc olmmcd  with I{OSA’J1  wc llscd

tllc fol]owillg  sclcc.tioll critmia: 1 ) A velocity dis]msioll , as judged by tl]c  widt,ll  of t,llc  21-c]]]

11 1 l i n e ,  o f  1 0 0  2 0 0  kln s- ]  ,  2 )  I)luc colors i n d i c a t i v e  d a ImcIIt  stjal.-fc)llllatioll cvmit,

3 )  l o w  fractional II 1 colltcllts l)cIIIa]H i n d i c a t i v e  of tl}lc loss  o f  cold gas duc to tltc Icccllt

star forlna{,ion eVCIIt 4) dist,  allccs ICSS  tlIaII 25 h41)c t o  c a s e  dctcctioll  a.lld 5) fcw o] I1O 1 1

11 Iq;iol]s  indicative of little or  110 c.urralt  st)al fonllatiol). All actively  sta.1 forll)illg  systeill

would  bc cxpcdcxl  to IIavc a. stmllg  contril)utlio]l  of }lo])lllatlioll  1 sources  ( I l l s . s s ivc  X-lay

I)illdrics,  su})crllova  mlnllallts)  to tlIc  total X-ray flux.

l,ists of low-mass disk F;alaxics, SUCII as t,llosc found  ill IIotllu]l  d al. (1 989a)  01 Scllo]])l.mt

d al. (1 992) win-c cxnlsultld  ill mdcr tm fmn a salll])lc. ](]Cal]y,  t]]c salll])]c  Should colltlail)  a

(i



ral  Ig;c of disk surfacx lJrigl ILIImsm as {Illis IIligllt mrrcspolId  to a rallgc of })ost-l)urst  till )mcalm.

Using  tllc’ critmia listlcd above, wc idmltifid  five suital)lc c.alldidatm wliidl arc lishl,  aloII:;

wit,]) SO I]]C of tl)eir cllaractcristics,  ill ‘1’al)lc  1. III tal)lc 1, colul III I 1 givcx tile g;alaxy 111 alI(l

UJIIIIIIII 2 lists i ts  obscrvd  vcloc.ity, obtlailld  fNIn l?l-cn~  olxmrvatimls.  ~olu]n]l  3 l i s t s  tlIc~

ol)smvd vclocit,  ywidth c)f tl]C21-c3n  lillc at tjl IC 50(X)  ])c.:ik  illtlcllsity lcvc]. ‘J’l)is  ])lwvidcs so]tlc

II)casurc  of tllc dcptl]  of tllc ~)oi,cv]tial  of tllc galaxy  alId i s  roughly cquivalmlt  to a vdocit~’

dis]xmiml.  (; C)llllI-ll-ls  4-71ist  tllcf(Jl(:g;lollll(l  g;:llactic c[)lllIl]ll  Clcllsity t,()\\'altlst  llcgalaxy,ill(

ol)smvcd  11 1  lnass,  and,  WIICJI  ]I]msurc{ 1 ,  tllc il]tcg;railcd  11-1 color  and rdtio  of l~al IIlfrald

to l\luc  lulnil}osity. Ul]fortullatdy,  olIly tllrm d tllme tarF;As  WCIC adua]ly  oLsc1\7d  l)y

lioSA’1’.

C(Il)illlagc:s  oft}lcsC  tlllcet algctsar csllc)\vllil1  Figure] and al)lic:fc  lcscli]~tic)lli  sgil[:ll

1)c1ow.  ‘I’llc:  optica] data wasol)tailld  with tl]c  Ml)h4  2,4-I]) tclcsco]mo~}  29 A])] 1993 usil]g

tl]c  Will)u] imagil]g  systmll  at Gsscgraill. Will)ur is a {Illick,  fmllt-side illulnillatd  IJoral

2048X2048”  (;~l) wit,ll  15 ii ])ixcls. ‘1’l]c clli])  was ml)ililled  3 l)y 3 for a ])latc  scale of 0.[)1

arcscc ]m ])ixcl. l)ata was  takml  for 200 sccs ill JOIIIISOII  11, V alId 1. ‘1’wilig;llt  flats wmcIIsA

to flattml t}icl] and Vdata wl)ilc  sky flats wmwusd f o r ] .  (;a]ibratiml  }!’as})clfc)l]ilcc]  wit]]

15st:lllclalclsf  l(JII-ltll  (:lists(jflj  allcloltl  (1992).

N(i(; 5 0 8 9 :  ‘J’llis is a lnodmatcly  stmlg;  clllissiol] lillc F;alaxy wllicll was  oligillally  dc-

tcc.tcd  I)y Wasi]cwski  (1983) .  Its disk a])lmam  to l)c disturlwd  l)ut  tllc lulllillosity  l)mfilc  is

q u i t e  regular (see  IIot])ull  d al. IWNa). ‘J’l]c illller  0.5 k})c cx]lil)its  a  IIoticcal)]c  cxccss  of

lig;llt  rclativc!to  tllc cxt]a]mlatd  Cx]mlclltial. ‘1’llis  galaxy w a s  dctcct,cd  by II{,AS al]d ]Ias

a (iO/100  II flux ratioof  0,92 w’llicli  isquitcllip;]l  (SCC l~otllull ct al. 19891), hflaxzamllact, al.

1991) alId isillClicativc  of C?llst\  vliicllislicatcfl  l)yollstamol , IImwlikc l-y, all AGN. ‘J’l}c  disk

CO1OIS am failly lduc as WC1l.  ‘1’l]us  it SCC]]lS likdy  tjllat  N’(; {; 5089 liad a “]iuclcmr” stall)llmt

wllic]l is IIow dying  out, jlldg;illg  fro]n  tl]c  Cll)issioll  lillc strmlgtll.
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1(;2520: ‘J’his  is all irregular galaxy wllicll is at lJIc distallcc  of tl]c  Virgo s~l])c:]clllstc~l.

It also aplmars  ill tllc emission lillc galaxy sa]n])lc  of Wasilmvski  (1 983) wit}l a weaker li]lc

st,rcItgtl  I t,ltarl  INGC 5089. ‘J’llc  llt AS dd,cctcd 60/100 I/ flux ratio is 0.56, again i)ldicativc  of

dust IIcatillg  hy  some 011 stars. ‘1’11(:  surface })riglltncss  ])rofi]c is w:]]  fit by all cx]mlcntial

a]]d tjllcir  is ]10 l]uclcar cxccss  of light (SCC IIotllul]  d al. 198%).

1(;3522: ‘J’llis is a well-st,udicd dwarf irrcg;ular  g;alaxy wllic.11 is a ]nclt]lmr  of tl)c  \~irgo

slll)crc]llstcr.  A ddaild  11 1 lna~) is givcl] ill Skill lllall  d al. (1987)  and t,llc rc]cvallt o])tical

s u r f a c e  ])llotolnctry  call bc fcmlld ill Ilot,llu TI d ;1].  (1986).  ‘J’liis  galaxy is cnic of a }tal]clful  of

low surface l~riglltllcss  (l)S1l) low II]ass g;alaxies wllicll IIavc Ixml ddcctcd  ill 11 1  ill \~irg;o.

‘J’licrc  arc ]]0 obvious signs  of 11 11 r(!gicnls or curml)t  star format,  ioli  ill t)}lis ga l axy  CVC1 I

tllougl]  its col]tilluull]  CO1OM arc ratllcr b lue  (e .g . ,  l) - V = 0.46).  Of tllc f ive  galaxi[~s ill

our saltl])lc,  this ollc col])cs c]oscst  to lncctill$; all t)l]c  sclcctiol)  criteria i]l tllc lnost  favoral)lc

t,crJI]s.  ‘1’llis  galaxy was ]Iot dctcctcd l)y I]{ AS.

‘J’o cstil)latlc  tl)c  signal  strc]lp;tll fm]n  a IIy;)otllctical  halo of wa.rln tc]luous  gas wc ]nllst

IIIakC })lausiblc  assulnpiio]ls  almut its gas ll~ass, ])llysical  cxtmlt  a]ld tm]n}matum.  ‘J IIIC tyl)ical

11 1 lnass of ml saln])lc  galaxies 5 x 108 h4C). Wit]l  tllcsc olmlvatio]ls,  wc arc illtcmstd  ill

dctcc.tjillg  galaxies WIICM  the lnajorjty  of tllc  gas II IaSS is ill a ]Iot, rarifid  ])laslna  illstcad  of a

cold dmsc mdiuln.  ‘J’llis  is tllc situatioll  for clli])tical  g;alaxics. \4~c lmIce ado])t  a p;as  ]tIw+s

of 1 o’%l@ wllicll is distrjbutmd  ill a ulliforl])  dmlsity  s})llcrc  o f  r ad ius  20 k})c (tl]c o])tical

radius  of a tyl)ical  ga laxy  ill our salll})lc  is 5 kljc).  ‘1’llis  adol)tcd  gas I]lass is al)])lc)xil]lat(’1~’

equal to tllc stdlar lnass of Lllc taygct galaxies.

‘J’o fix tllc  tcln])(mdllrc , wc furtllm assulilc  all illtcrllal vcloc.ity dislmsioll,  of 150 kln s- 1



ar]d  IIO ]I]dals. ‘J’l  ICSC IIaralnci)crs  yield all clcctml dmlsity,  A7C d 0,017 cln- 3 and a 1]1(:11 -IS StIiIIIll III/)

cooling;  rate of 6 x 1041 mgs s- ‘ . ‘J’llc  toial lulnillmity  ill tllc l{(lSA’~’  l’Sl’~  Imlldl)ass  ( 0 . 1

2.4 kcV) is thin} 1.8x104] mgs  s-- 1. Assumil]g  a galactic c.oIu]J]]] dmlsity  towads tl]csc  smlrces

of 3 x 1 02 0  
( 1 1 1  -2 arid a~l It(; ]t o f  0 . 3 3  x  1 01 1  ds ClI]2 mg  - ] yields a total count  rate olI

Lllc l’Sl’~  dctcdm of 0 . 1 2  cou]lts  ]x!r sccol)d wl]icll co]ms]m])[ls  to all ul]absorlmd  flllx o f

-2 s- 1 IIm)cc,  cxlmsum  tilllcs of a fcw thousand  scc.oIIds will easily dctlcct3.8 XI0- ‘2 C1’gs CII1 .

our IIy]mtllcsizcd  collfigurai,ioll  of ]Ialo gas. h40movcr,  tllc angular size of this IIypdllcsizcd

]Ialo Woul(l  lx! (i 10 ‘ , wllicll is wdl lmolvcxl l)y tl)c  l) S1)(;  . l~illally, il)c  derived cxmlilig tilllc

for this ]lalo is 4 x 108 ycam (solncwllat  slid hccausc  of tllc IIig;ll  Arf) wl]icll is ]IIUCII ]mlgcl

t]iari tltc duration  of t]lc  starl~umt, and )]micc,  ar]y g;as  cjdd by tl]c  cl]ugctics of i,llc  ]I]Ost

mcclit sifar forlnaticul  cvcllt,  s h o u l d  mlnail} ]Iot for soil  Ic Lilnc aftm Lllc stalbursi  IIas fadd.

‘1’l~is  is wl~y wc have  trim] to l)ick a lallg;c  o f  d i sk  su r face  l)rig;llt,llcsscs  and mnissioll  lillc

stmlgt]ls  in our salll~)lc. ‘1’hcsc ll]odcl  calculatlimls  arc qu i t e  cllcoulagillg  as t,llcy illdicatc

tJIat if suc.]1 cxtwldcd balm exist, tllml lioSA’~” l’Sl’~ ol~sclvatiolls  sl)ould  bc al)lc  to de tec t

tllclll.

of Ll)c original  five tarp;ds  l)m}mscd  for olmnatiol]  I)y 1{ OS A’J’, 0]11 y t}Ic first four wrcIc

ac.cc])t(xl. o f  tllosc, d a t a  wmx! ol)taillcd  for tl]lcc ol)jcds;  N(;(; .5089 wii,ll  a total Cx})osurf

li~~)c  o f  7786  SCCS, I(; 2520 fol. 6 7 5 5  SCCS, and  1(; 3522 for  1 2 6 4  SCCS. \Vitll  tllcsc cx])osur(~

tilllcs o]t]y NG(; 5089 a])d IWM20 wcm ddcdccl.  (; O] IIMU1 l)lois  of  I,l)c total band  cnnissioll,

a s  W C] ]  as mnission  ill t,llc so f t  arid had I)allds,  am sllowll ill 1~’i?;ums 2a - i .  ‘J’l Ic cmltoul’s

Iwgill at al)])mxilnatcly  I o almvc tllc I)ackgmulld  IIoisc. lrl cacll case, tllc targd  is located

a t  tllc f i e l d  cclltcr.  (;oodillatcs  aw cpocll  2 0 0 0 . 0  cquatmial.  ]“or Coln])lctcl]css,  wc also

illcludc tllc liltlitcd data oll 1~3522  CVCII tllougll  it w a s  ]lot dctcctcd. ‘I)al)lc 2 colliaills d list



of idcJItifialJlc  cxtrfigalactic coulttqjarts  to tltc dctcctcd  sources i]t cad) fidd.  (;cJul  IJIIs  1-3

g i v e  t,l Ic cxtragaladic  11) (as ol)tai]lcd  usi]lg  N]{;])) aIId  LIIC c])oc.11 2 0 0 0  coordillatm. ‘ill IC

rc]]lai]lillg colu III]Is list,  tlIC II Imsurul IICt SOIIICC cmulltls, i,l Ic ol)scrvd  flux al]d wlIctlIc I 01

IIOt tlIc  sollrcc  is resolved. \Vc IIow’ discuss cac.11 of tlIcsc  fields.

N G C 5089: ‘J’llis galaxy is wcakl  y dct)cctcd  ill total Imlld cmissiml  but  ccmplctdy  abscllt

iII tllc s o f t  X-ray lm]ld. 1]] tllc had Imlld,  tlllc  galaxy i s  eas i ly  ddcctcd  al]d i s  c l e a r l y

ullmsolvcd.  Si]lcc t})is  galaxy is  tl]c  ]I]ost actlivcly st,al forlning,  it is Inost  lildy tll)at  wc alc

sccillg  X:ray c]nissiml  fmn]  t,llc IIuclcar  star l)umt, and/or  A G N .  At our assigllcd  distallcc,

illc total X-1ay  ]ulllillosity,  co]rcctcd  for fomp;mulld  alm)rj)tioll,  is 2,4 x 1039 cq;s see- ‘, far

bdow tllc cx]xxtcd  ]umillosity  if IJIC gas WCIW distrihutcd  ill a IIalo. ‘J’l]c  blue Lal)d lulnillositly

o f  N(;(~  5089 i s  a])pmxi]natcly  2.5 x 10$’ l, E)(scc IIotllu]l  d al. 198%). ‘J’llc  X-ray /o]jtical

conwlat,ioll  for sl)irals  Iq)ortcd in l~abl~iallo  d al. (1 992) would  tllcll  })dict all 0.2- 4.0 1(c1

IIllllil]osit,y  of 0.5 x 10:~9 mgs  See - ]. ‘J’])us N(;C 5089 has a]) dcvatcd  ICVCI of  X-ray cmissiol]

wllicl] is ]nost likdy associatd  w’jtll its starl)uwt,  II UCICUS. ‘J’l]cm is ~lo cvidcllcc for any difl”usr

]Ialo aloul)d  this low )nass  galaxy.  ‘1’llc a]q)mxilllatc  size of suc]l a IIa]o co]mspollds  to ollc

p;rid clcIIIcJit ill l“igum  2.

Wc also note in this fidd, a })air of SOUICCS with rcs]mdive  fluxes of 2.56 al]d 2.54 x

] ()- l:+ Cq.gs  ~],-, - 2 s[)~- ~ . ‘lllICSe  am t,l)c ])air of sources at a])])roxil]latc  })ositio]l  1 3“20’” 1 5s

and -1 30°05’ . A closs-{:orlc:lati[)ll with tllc IIS’J’ (~uiclc Star (;atalog  ])mduccd ])0 posit ional

coil]cjdcllccs. lnslmctiol)  of LIIC l’alolnal”  Sl<J’ Surwcy revca]s a ~mir of ulilwsolvcd,  % 1 8 t l I

IIlagnitudc  c)l~jccts  wllicll am tllc likc]y o])ticfil  coulltcrl)arts. ‘J’llcjr  il]]ag;c  dial]]dcrs  am vcl)’

sj]nilar bctwmII tl)c  IIlllc  a])d lid ]Jrillts i]ldicat, illg tlIcy  arc of sil])ilar  color  slid ]Icitl)er  very

Id or l)Iuc, 11’oIIow-11]) s])cc.trosco])y i s  dcsiral)lc, altlIoug;lI  it SCWIIIS  Iikcly  that will LUTII o(It

to l)c g;alac.tic  stars.
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1(;2520: At tl]c  field CC]ILC] tlIcIc aIc two sources  tlIat could  lN idclitificd  wit}l  t}tc  target,

galaxy but, tlic ovmall  SOUICC Cxtcntj  is ]nuc]]  ICSS tJIaTI t,lIc cxlxxtcd sim of a]) cxtmldcd  IItilOc

‘.I’IIC l~rigl]tlcst  source of tl]c  2 is dolnillatd  by clnissiml  ill t,llc  IIad band a]ld l])ay well I)c a

lmckgmlll(l  SOIII’(C. I tls }msitimal  cmltmid is w 1 aml)illuic  to tl)c  llortl)  of tl]c  lmsitioll  of

1(;2520. 1~2520  l)mpcr, a])pcals to he vuy weakly ddcctd  ill tllc soft  X-ray hand,  again  a s

al] ull]x!solvcd ol~jcd. ‘J’l]c total X-1ay  lulllillosity  associatd  w i t h  tllc al)]hamltly  IIlultlil)lo

sollrccs  at tllc Imsition  of 1(;2520 is 1.45 x 10:39  mgs  see- 1, 0] a facb. of 2 10WCI tlIal I tlli(~

msc of N(;~)  5089. IIowcvm, tl)c  }Iluc-balld  lull)illosity  of 1~2520  is dew]) by a factor 4 and

t]lus,  a])l)amltly  1(~2520  i s  al) ordm o f  magl]itudc ]1)0]’c ovm  IIllnil]ous  j]) tl]c  X-ray lHIIId

mlativc to what WOUIC1 lx! cxlwctd fmln tlie ol)tjcal  lulllillosity.  \Vc take this as a vmy likely

illdicdion  that illdcd,  1(;2520 is colltalnillatcd  by a l~ackg]wull(l  source. ()]ICC agaill,  tllc]c is

1)0 cvidcllcc of ally Cxtclldd,  dif[usc  soft-x  ray  clnissiol]  wllicl] colll{l  ~)lausil~ly  l)c associatwl

Wit!]l a IIalo.

1~3522:  ‘J’llc  limit,cd  CX])OSUIC  tilnc  available for this field did IIot allow for a dctxctiol)

of  tjll(! ga l axy  and tlic data arc IIOt smlsitivc  wloug;ll  to l)avc  dctcctd  ally IIalo, ltad  it lm:ll

l)lmcllt,  a t  tllc ~)lcdictcd  lcvc]. \3~lIat is of illtlcmst  ill th is  field,  llowcvcr,  is tllc coln])lcx

set  of  c.olltlollm  wllicl] al~pcal  to I)c liladc u]) of Il]ulti])lc  soutccs , o]]c of w}lich is iltc likc]j’

scrclldi~)it,ous dci,cc.tioll  of tl]c  bac.kgmulld  clustm Al)dl  1560. Al)cll 1.560 a.pl)cars  {o bc {IIC

ll~iddlc of tllc tllmc sources wllicll al] IIavc ovcrla.l)l)illg colltoum. ‘J’llc  Ot!llcl’  two Solll’ccs  call

Iw i(lclltificd  wit]) NG(; 4523 (SW of Aldl 1560) and  the radio  SOUMW discovmd jll tl)c  (;1187

sul.vcy of Gregory  al]d ~o]ldo]]  (1 991 ) (h~l’) of Aldl  1 5 6 0 ) .  N o t e  that tllc radio }msitioll o f

tlllc radio  source  i s  ]Iot coillcidclltj wit]] tllc x-ray cmltoum I)ut ratllm i s  Of f se t  almutl o]tc

amllillutc  to tllc c a s t ,  wlIcIw tllc cmltouls  IIavc tllcil  stcc]mtl  gradicllt.  ‘J’llis i s  sil[lilal to

t]l C StAllda I’d hCad/tAi]  1 I K)l’])]IO]OF;Y S(!C1l  f[)l’ lddio  S[)III’CCS i l l  S 0 1  IIC C]llStCWS a n d  ll”lay SUF;~;(’St

tl]d Illis  SOUMW is actually ill tllc Aldl 1560 clustm.
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Almll 15(;0 is a distance class 7 clustm w]licll currm)t]y is at ul]kllowll  mclsl]ift.  l’ig;tlw

3 s])ows tlllc  slmctruln  obtaillcd  fmn tllc  1’S1’(;  d a t a . Altliougli  tltc  cou~lt  rate is  low, a

rcasonal)lc  f i t  to tl)c  s]wctruln  call 1x: ]nadc usil]g  a tl)cr]na] IIlc]l-lsstralllllllg  ]nodcl  wit]] a

tj{tlill)clatlllc[)f  2.2 Kev. ‘J’llcobscrvd  flux is 2.45 x 10-1:3 ergs c]t)-2  SCC-l , wllicll is I>clolv

t,llcscllsitivity  oftllcl/  .C)SA’l’all  skysurvcy. lftllis  c.lllstcli  sloc.atc(latz=  0.4,itsllll[lillC)sity

would bc ?l~Jl)loxill-)atcly  1043 ergs see-’. l“ollow’-ul)  slwctroscol)y  to[lctcllllillctllc  rcdsllift

of this cluster is clcar]y dcsiral)lc.

4  S u m m a r y  l)iscussion

‘1’IJc  })rilllary  goal  of tllcsc particular  1{ OSA’l°  AO o}.mrvatio]ls  was to dctcd soft X-1ay

IIalos amulld  low IIlass disk galaxies tliat serve as rcl)ositorics  fc)] gas which was cxlmllcd

fmm tllc galaxy during; its lnost  rcccllt c])isod{!  of star forlnatiol). Sillc.c  ratllcr 10]IK cx]msuw

ti]]]cs arc r e q u i r e d  for tl)c  dd,cwtjo]) o f  ally  l]alo w;tl] })lausil)lc })llys;cal  ~)loljcltics,  o]]ly

dccl) ]mintd okrvatiolls  will reveal tllcir ])rcsc]lcc,  if illdccd  tllcy mist. lJllfc)lt~lllat[~ly,  110

SUC1 I l) alms were dct,cc.tcd for our t] I ICC t a,rgct,s. ‘J’l)c olmmcd  lulnillositim  arc two ordus  of

lna~llitudc  less tllall  tllc  case ill wllicll tllc  gas It]ass ill tlic ]talo is a~~])loxilllatc:l~~  equal  to

tllc stellar lnass ill tl]c  galaxy, ‘1’1111s,  if all Cxt)c])dcd  l]a]o rcal]y  is ])rcscllt,  ;ts total gas  II~ass

is  lnucl] 1(!ss tlla~l curmlt  co ld  gas C.olltc])t  in tllcsc systm[ls. ‘l’llus,  wc am ullal)lc  to vcrif~

tllc IIy]mtllcsis,  for tllcsc t,llrcc galaxies, t)llai galact ic  wi]lds  associatlccl  wit]] star forlilatjioll

SCI’VC  to rc]oc,atc Inost o f  t]}c cold disk gas t,o a  war]]]  t(:lluous ])alo. Altcrllativcly,  our IIO]I-

dctcctioll  cmlld  mean that tllcsc galaxies {10 not ])osscss a suf[iciclltly  lnassiv(!  ]ialo to aid ill

tll(! rctcl]tiol)  of IJlis  gas,

WC t]lal]ks  J u l e s  IIalpcn] for IId])ful  collv(~lszitiol~s,” ‘J ‘I]is  mscarcll IIas lnadc usc 0{
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tlIc NASA/11’A~  l~xtragalactic  IIatalmsc (NlOll)  wlIiclI  i s  olmatd  I)y tllc J e t  l’m])ulsio~l

l,almratory,  ~aliforllia  IIlstitutc  of ‘J’ccli]lo]ogy,  U])CICI  c.olltract  wii,ll  tlIc  National Acrol]autics

and S])acm A(lllliliistlatioll. ‘1’lm mscarc.11 dcsuild  ill this ])alm was carried out l)y tllc Jet

l’m])ulsioll  l,abmatory,  (lalifmlia  IIlstitute  of ‘1’ccl}llology,  uIIdcr  c.mltrac.t with tllc National

Acmllalltics  aIId SI)acc  Acl~Ilillistl;itic)ll.
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